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AN ESTIMATION OF THE ROLL CONTROL EFFECTIVENESS OF THE ROLL VANES
OF A LAUNCH VEHICLE USING CFD AND DESIGN OF AN ACTUATION SYSTEM

Younghoon Kim, Honam Ok and Insun Kim

A conceptual design for the movable roll vane system is done for the roll stability control of KSLV-1. The
control effectiveness of the roll vanes is estimated using the numerical simulation. The hinge location is selected to
minimize the torque requirement at the maximum dynamic pressure condition, and the maximum torque of 3.0 kN-m
is found to be required to actuate the roll vanes for the entire range of operation. An electro-mechanical actuator
system which is composed of a DC motor, the speed reducers, the battery package and the controller is designed
using the given requirements, the maximum ftorque of 3.0 kN-m, the maximum deflection angle of 25 deg. and the
maximum angular velocity of 30 deg/sec. More detailed design to make more compact and highly efficient system

will be done in the future.
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Fig. 1 Aerofins (Rudders) attached to the boosters of
the Soyuz Vehicle .

Fig. 2 Original roll vane geometry and simplified
deflection mode!
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Rolling Moment Coef.

Fig. 3 Rolling Moment Coefficient vs. Angle of Attack for
Isolated Roll Vanes
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Fig. 4 Rolling Moment Produced by Differential Roll Vane
Deflections
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Tabel. 1 Comparison of Rolling Moment Coefficients

roll angle (deg.) 00 00
angle of attack (deg.) 0.0 5.0
rolling moment coef. 0.1885( 0.1848
roll angle (deg.) 45.0 90.0
angle of attack (deg.) 5.0 5.0
rolling moment coef. 0.1864] 0.1810
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Fig. 5 Center of Pressure for Different Mach Numbers and Angles
of Attack
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7 : the speed ratio
Tys: the maximum design torque

T, : the continuous torque of the motor

7) : the efficiency of the speed reducer

Dy the maximum RPM of the motor

@5 the maximum design angular velocity
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Fig. 6 Hinge Moment Acting on the Roll Vane
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Table. 2 Specification of the DC Motor

horsepower 25 HP
kilowatts 19 KW
maximim operating speed 3200 RPM
continuous torque 8.8 N-m
current@continuous torque 26 Amps
maximum terminal voltage 115 Volts
length 350 mm
diameter 150 mm
weight 13 Kg
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(a) Schematic of Subsystems of the Roll Vane Actuator System

DC MOTOR

(b) Schematic of the Speed Reducer

Fig. 7 Schematics of the Roll Vane Actuator System

Table. 3 Specification of the Speed Reducer
tooth pitch

gear numbers diar(n;:s W‘a%gg
1 15 45 0.33
2 5 15 0.1
3 15 45 0.33
4 15 45 0.33
5 35 105 1.9
6 10 30 0.3
7 35 105 1.9
8 10 30 0.2
9 100 300 8
10 10 30 0.2
11 70 210 2
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